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Miguel A. Rojo-Tirado, Pedro J. Benito, David Atienza, Emiliano Rincón, and Francisco J. Calderón; on behalf of the PRONAF Study Group
Abstract: The objective of this work was to evaluate how sex, age, and the kind of treatment followed affect weight loss in
overweightmen and women, as well as to develop an explanation for the evolution of weight-loss dynamics. The study consisted
of 119 overweight participants (18–50 years old, body mass index >25 and <29.9 kg·m-2), who were randomly assigned to 1 of
4 treatment programs, namely, strength training (n = 30), endurance training (n = 30), a combination of strength training and
endurance training (n = 30), and a careful treatment including diet and physical recommendations (n = 29). Each of the training
groups exercised 3 times per week for 24 weeks, and their daily diet was restricted to a speciﬁc protocol during the testing period
and controlled carefully. Bodyweight changes in the participantswere evaluated every 15 days. Based on this study, we developed
and validated different sets of equations to accurately capture the weight-loss dynamics. There were no signiﬁcant differences in
terms of global bodyweight changes from the statistical viewpoint, either regarding the carried out treatment or the individuals'
ages. However, signiﬁcant differences in weight-loss tendency were found depending on participant sex. We concluded that the
effectiveness of different possible treatments for weight loss varies by sex and, based on our experimental observations, a
quadratic function provides the most accurate model for capturing speciﬁc weight-loss dynamics. This trial is registered at
Clinical Trials Gov.: number NCT01116856.
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Résumé : Cette étude évalue la manière par laquelle le sexe, l'âge et le type de traitement suivi inﬂuencent la perte de poids et
propose une thèse sur l'évolution de la dynamique de la perte de poids chez des femmes et des hommes présentant un surpoids.
Cent dix-neuf sujets âgés de 18 a` 50 ans et présentant un indice de masse corporelle entre 25 et 29,9 kg·m-2 sont répartis
aléatoirement dans l'un des quatre groupes suivants : entraînement a` la force (n = 30), entraînement en endurance (n = 30),
entraînement a` la force et en endurance (n = 30) et traitement particulier incluant des recommandations sur les plans ali-
mentaire et kinésique (n = 29). Tous les groupes d'entraînement effectuent leurs exercices trois fois par semaine durant
vingt-quatre semaines; en outre, l'apport alimentaire journalier est contrôlé soigneusement et limité a` un protocole spéciﬁque
au cours de la période expérimentale. Par la suite, on évalue tous les quinze jours la variation du poids corporel des participants.
À la lumière de ces données, on a élaboré et validé diverses équations de la dynamique de perte de poids. D'un point de vue
statistique, on n'observe aucune différence signiﬁcative des variations globales du poids d'un traitement a` l'autre et d'un groupe
d'âge a` l'autre. En contrepartie, on observe une différence de tendance au sujet de la perte de poids selon le sexe. L'efﬁcacité de
divers traitements a` des ﬁns de perte de poids varie selon le sexe et, d'après nos observations, une équation quadratique procure
le meilleur modèle de prédiction de la dynamique de la perte de poids. Numéro RCGT : NCT01116856. [Traduit par la rédaction]
Mots-clés : poids corporel, restriction calorique, intervention kinésique, fonctions, dynamique de la perte de poids.
Introduction
Forty to sixty percent of adults in the western world are actively
attempting to reduce their body weight (BW). Nevertheless, over-
weight and obesity remain 2 highly predominant sources of
health problems, suggesting that many options exist to improve
the training programs andmethods currently used for weight loss
(Bendixen et al. 2002; Bish et al. 2005; Serdula et al. 1999).
Several studies have analyzed the factors that may inﬂuence
weight loss and BWmaintenance, and it has been determined that
a reduced diet is a prerequisite in any weight-loss program (Ballor
et al. 1988; Del Corral et al. 2009; Kraemer et al. 1997; Raatz et al.
2008). Moreover, these studies have indicated that possible weight
loss is greater if exercise is included in the overall weight-loss
program (Brochu et al. 2009; Ghroubi et al. 2009; Hagan et al.
1986). More precisely, some of these studies have described differ-
entweight-loss tendencieswith different treatments (Brochu et al.
2009; Del Corral et al. 2009; Larson-Meyer et al. 2010), whereas
others have analyzed how variables such as sex (Hagan et al. 1986),
psychosocial actions (Jakicic et al. 2008), and lifestyle control
(Redman et al. 2007; Volpe et al. 2008) affect weight loss. However,
to the best of our knowledge, no study to date has focused on the
overall effect of the combined interaction of all these variables on
weight-loss tendencies.
In the usual approaches to weight loss, weight is lost very rap-
idly in the ﬁrst phase of the program, and the greatest peak in loss
occurs precisely 6 months after beginning treatment; however,
theweight is regained slowly and usually returns to its initial level
(Jeffery et al. 2000; Svetkey et al. 2008). Typically, 30%–35% of the
lost weight is regained within a year after treatment (Wadden
et al. 2004). Approximately 20% of individuals can be considered
as successfully maintaining the results of a weight-loss program,
which is deﬁned as losing (at least) 10% of one's weight and main-
taining that loss for a minimum of 1 year (Wing and Hill 2001).
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This weight-loss trend has been analyzed in the literature (Hagan
et al. 1986; Jakicic et al. 2008; Kraemer et al. 1997; Redman et al.
2007; Volpe et al. 2008), and various studies have proposed math-
ematical models for weight-loss tendencies, based on BW or body
composition changes (Hall et al. 2011, 2012; Thomas et al. 2009).
However, none of these existing studies have been able to develop
a speciﬁc trend line or validate any equation by analyzing varia-
tions related to age, sex, or treatment.
Therefore, research is needed to determine a mathematical
function that correctly represents weight-loss dynamics and, even
more important, to determine how this function behaves depend-
ing on the sex and age of the individual, as well as the treatment
followed. The purpose of this work was to evaluate the effects of
these variables on weight-loss tendencies and to analyze how they
can be captured by a general function that represents weight-loss
dynamics. This function should enable predictions to be made
about future BW losses and help determine the most appropriate
treatment for each person.
Materials and methods
A recent paper published by Zapico et al. (2012) provides a de-
tailed description of the type of methodology used in this work.
Therefore, in this section, we describe this initial methodology as
it was adapted for this study.
Participants
The characteristics of the participants are summarized in
Table 1. All the subjects were healthy, with an overweight condi-
tion (i.e., a body mass index (BMI) between 25 and 29.9 kg·m–2);
they were nonsmokers, sedentary (i.e., ≤2 h of exercise per week)
(Brochu et al. 2009), and had normal fasting glycemia (Rutter et al.
2012). The female participants had regular menstrual cycles.
All the participants were recruited through advertisement cam-
paigns covering a wide variety of media (television, radio, press,
and Internet). The ﬁnal sample set consisted of 46 middle-aged
males (aged 18–50 years) and 73 females, whowere all living in the
Madrid region of Spain. Because of drop-out, there were 84 partic-
ipants at the end of the intervention period, and 51 of those an-
swered an online questionnaire about lifestyle and BW evolution
6 months after the intervention (Fig. 1). The participants were
classiﬁed by age and sex and were divided randomly into a
strength-training group (S), an endurance-training group (E), a
combined strength- and endurance-training group (SE), and a diet
and physical recommendations group (C). An institutionally ap-
proved consent document was signed by each individual before
the start of the intervention, in agreement with the guidelines of
the Declaration of Helsinki regarding research on human sub-
jects. In addition, the project was approved by the Human Re-
search Review Committee of La Paz University Hospital (PI-643).
Experimental design
Body composition was assessed through dual-energy X-ray
absorptiometry (DXA). Resting maximal heart and 15 repetition
maximum (15RM) rates were measured before and after the
16-week intervention, and BWwas evaluated every 15 days. All the
subjects were instructed to continue their usual daily activities
from the period right before the intervention period, and acceler-
ometer devices were provided to monitor their physical activity
during a full week each month. Then, 6 months after the end of
the intervention, all the subjects who completed the study were
required to provide their lifestyle information and BW on a Web
questionnaire. We used this information to further analyze their
respective weight-loss tendencies; no follow-up on their exercise
patterns or food intake was performed during these months.
Intervention
Diet
Diet prescriptions were given to all participants by dietitians at
the Endocrinology Department of La Paz University Hospital. Each
participant followed an individualized hypocaloric diet, with a
25%–30% caloric restriction (CR) from their own daily energy ex-
penditure (DEE) (National Institutes of Health 1998), which was
measured by using the SenseWear Pro Armband. Macronutrient
distribution was performed according to Spanish Society of Com-
munity Nutrition recommendations (Dapcich et al. 2004). The di-
etitians reviewed each 3-day food record and interviewed each
participant on a regular basis, both 3months after the start of the
intervention and at the end of the intervention period. The inter-
views consisted of face-to-face consultation sessions (30–60 min),
during which the subjects received input about food portion sizes
and diet variations. In addition, voluntary group sessions and
expert lectures provided the subjects with the knowledge and
skills to gradually achieve more consistent (eventually perma-
nent) behavioral habits.
Training
All the training groups followed a personalized training pro-
gram, which consisted of exercise sessions 3 times per week for a
period of 6 months, supervised carefully by qualiﬁed personal
trainers. The ﬁrst 4 weeks were used for training adaptation, and
maximal heart rate (HR) during the exercise sessions within that
period was determined according to the Bruce protocol. Next,
strength was assessed twice on different days during the evalua-
tion period, using the 15RM testingmethod described for S and SE
(Morgan et al. 2003). In addition, HR reserve (HRR) was calculated
by using Karvonen's equation (Earle and Baechle 2004), to pre-
scribe exercise intensity for those participants following the E and
SE intervention programs. During the intervention period, S and
SE feedback about training loads was obtained once a month
through the rate of perceived exertion scale, to evaluate each
session by each person in a subjective way. Thus, it was possible to
determine the intensity level that each participant was consid-
ered to have reached. This process was carried out by following a
methodology similar to the one proposed by Shaibi et al. (2006).
Table 1. Baseline data (n = 84).
Women (n = 48) Men (n = 36)
Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum
Age (y) 37.29±8.25 19 50 37.42±8.02 20 50
Body weight (kg) 73.54±5.89 63 86 88.09±7.96* 72 110
Height (cm) 1.62±0.06 148 174 1.75±0.07 160 192
BMI (kg·m−2) 28.01±1.32 25.21 29.78 28.57±1.12* 26.01 29.89
Body fat (%) 43.28±3.62 32.20 50.10 33.80±4.63* 26.70 44.90
Body fat-free mass (kg) 40.25±4.30 32.77 47.57 55.99±5.47* 44.56 67.44
Bone mineral density (g·cm−2) 1.18±0.10 0.87 1.33 1.26±0.09* 1.10 1.44
RMR (kcal·d−1) 1485.74±76.44 1353.00 1636.00 1907.92±157.29 1627.00 2259.00
Note: BMI, body mass index; RMR, resting metabolic rate.
*Signiﬁcantly different from women, p < 0.05.
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